The goals of this research were to characterize suicidal behavior among a cohort of pregnant Peruvian women and identify risk factors for transitions between behaviors. The World Health Organization Composite International Diagnostic Interview suicide questionnaire was employed to assess suicidal behavior. Discrete-time survival analysis was used to study the cumulative age-ofonset distribution. The hazard function was calculated to assess the risk of onset of each suicidal behavior. Among 2062 participants, suicidal behaviors were endorsed by 22.6% of participants; 22.4% reported a lifetime history of suicidal ideation, 7.2% reported a history of planning, and 6.0% reported attempting suicide. Childhood abuse was most strongly associated with suicidal behavior, accounting for a 2.57-fold increased odds of suicidal ideation, nearly 3-fold increased odds of suicide planning, and 2.43-fold increased odds of suicide attempt. This study identified the highest prevalence of suicidal behavior in a population of pregnant women outside the USA. Diverse populations of pregnant women and their patterns of suicidal behavior transition must be further studied. The association between trauma and suicidal behavior indicates the importance of trauma-informed care for pregnant women.
Introduction
Suicide is a leading cause of global mortality, claiming more than 800,000 lives worldwide annually (WHO 2014) . While it is difficult to know when it will occur, the strongest predictor of suicide is suicidal behavior (WHO 2014) . Suicidal behavior consists of suicidal ideation, planning, and attempts. Transitions from ideation to planning and from planning to attempts occur most often within the first year of developing the behavior (Nock et al. 2012) . Impulsive attempts, those that are not preceded by ideation or planning, are more likely to be carried out with lower intent to die, using less lethal and more available means Rimkeviciene et al. 2015) . For this reason, suicidal ideation has become a focus of research.
The World Mental Health (WMH) Surveys conducted by the World Health Organizaiton (WHO) found that the global prevalence of suicidal ideation in the general population was estimated to be 9.2% (Nock et al. 2008) . While pregnancy has been previously thought to be protective against suicidal behavior (Appleby 1991) , recent findings suggest that this is not always true, indicating that the prevalence of suicidal ideation in pregnancy may be as high as 33% Newport et al. 2007) , with variability depending on the assessment instrument used.
Most studies of suicidal behavior during pregnancy have measured suicidal ideation as part of an assessment of depression, rather than assessing it separately. Findings vary considerably depending on the instrument used. Previous studies have used the Beck Depression Inventory (BDI), the Hamilton Rating Scale for Depression (HRSD), Patient Health Questionnaire-9 (PHQ-9), Edinburgh Postnatal Depression Screening (EPDS). Studies comparing the BDI with the HRSD have found that the BDI estimates a higher prevalence of suicidal ideation (29%) than the HRSD (17%) Newport et al. 2007 ).
In the general population, risk factors for suicidal behavior include female gender, young age, limited education, being unmarried, as well as psychiatric comorbidity, exposure to childhood adversity, and intimate partner violence (Devries et al. 2011; Nock et al. 2012) . Similar risk factors are seen in pregnancy. Women who are unmarried, have low educational attainment, and whose pregnancies were not planned or desired face elevated risk of suicidal ideation during pregnancy . Additional risk factors include a history of childhood abuse, intimate partner violence, and comorbid psychiatric illness Newport et al. 2007; Zhong et al. 2016) . These common factors have been identified across North and South America, Europe, and Asia .
While pregnant women are more likely to experience suicidal ideation than the general population, they are less likely to attempt suicide (Appleby 1991; Gelaye et al. 2016; Newport et al. 2007; Nock et al. 2008) . Thus, understanding which subset of pregnant women with suicidal ideation are at risk for attempting suicide is essential for delivering effective preventive care. However, transitions among suicidal behaviors in pregnant women have not been well-characterized. Recently, our group reported that in Lima, Perú, the prevalence of suicidal ideation ranges from 9 to 16%, depending on the screening instrument used (Zhong et al. 2014) . The goals of this research will be to characterize suicidal behavior among this cohort of pregnant Peruvian women and identify risk factors for transitions between behaviors. To achieve this, we used the WHO Composite International Diagnostic Interview (CIDI) suicide questionnaire, which has been well-validated across diverse populations. We chose this instrument because it was designed specifically for the assessment of suicidal behavior and transitions between behaviors.
Methods

Participants and procedure
Participants in this cross-sectional study were women who received prenatal care at the Instituto Nacional Materno Perinatal (INMP) from October 2014 through November 2015 and who enrolled in the ongoing Pregnancy Outcomes, Maternal and Infant Cohort Study (PrOMIS) during the second wave of recruitment. The INMP is the primary reference establishment for maternal and perinatal care operated by the Ministry of Health of the Peruvian Government. It serves lowincome women, most of whom are publicly-insured. In 2015, 18,512 women gave birth at INMP. Eligible participants were pregnant women who were at least 18 years of age, initiated prenatal care prior to 16 weeks of gestational age, and could speak and read Spanish. Pregnant women were excluded if they had intellectual disabilities, twins, fetal malformation, or a history of chronic hypertension, diabetes mellitus, sepsis, or renal failure. All participants provided written informed consent prior to interview. The institutional review boards of the INMP, Lima, Peru and the Harvard T. H. Chan School of Public Health, Office of Human Research Administration, Boston, MA, approved all procedures used in this study.
Our study population is derived from the PrOMIS cohort. During the study period, 2068 participants completed the structured interview, approximately 81% of eligible women who were approached. Details of the study setting and data collection procedures have been described previously (Barrios et al. 2015) . Briefly, each participant was interviewed in a private setting at INMP by trained research personnel using a structured questionnaire. The questionnaire was used to elicit information regarding maternal sociodemographic and lifestyle characteristics, histories of childhood abuse and intimate partner violence, symptoms of depression, anxiety, and PTSD, and psychosis-like experiences. Six participants were excluded from the analysis described because there was information missing from their suicidal behavior assessments. The final analysis included 2062 participants.
Measures
The Suicide Questionnaire from the WHO CIDI was used to assess suicidal behavior (see Fig. 1 ). This questionnaire was used to obtain data about suicide in the WMH Surveys (Kessler and Ustun 2004) . It consists of 11 questions that assess the lifetime prevalence and age of onset of suicidal behaviors. All study personnel were trained on interviewing skills, contents of the questionnaire, and ethical conduct of human subject research (including issues of safety and confidentiality). Interviewers received structured training on administration of the CIDI questionnaire. The training program was similar to the one that one of the co-authors (BG) had attended at the Social Survey Institute at the University of Michigan (WHO Training Center). In addition to the structured training course for the interviewers, item-by-item description of questionnaires and role-plays were used. To ensure highest quality of data collection, while interviewers were in the field, they were provided strict on-site supervision and support.
Covariates
Maternal sociodemographic and other characteristics were categorized as follows: age (18-19, 20-29, 30-34 , and ≥ 35 years); educational attainment (≤ 6, 7-12, > 12 completed years of schooling); maternal ethnicity (Mestizo vs. others); marital status (married/living with partner vs. others); employment during pregnancy (employed vs. not employed); access to basics, including food and medical care (very hard/hard/ somewhat hard vs. not very hard); parity (multiparous vs. nulliparous); planned pregnancy (yes vs. no); early pregnancy body mass index (BMI); gestational age at interviews (weeks); lifetime history of intimate partner violence (yes vs. no); and lifetime history of childhood abuse (yes vs. no).
Data analysis
We first examined the frequency distributions of maternal characteristics according to engagement in suicidal behavior. 
11.
There are three statements I will read out loud. Please tell me which of these [ ] three statements best describes your situation when you attempted suicide the last time -one, two, or three?
"One, I made a serious attempt to kill myself and it was only l uck that I did not succeed." "Two, I tried to kill myself, but knew that the method was not fool-proof."
"Three, my attempt was a cry for help, I did not intend to die."
1. I made a serious attempt to kill myself and it was only luck that I did not succeed 2. I tried to kill myself, but know that the method was not fool-proof 3. My attempt was a cry for help. I did not intend to die 9. Don't know/ refused "One, I made a serious attempt to kill myself and it was only l uck that I did not succeed." "Two, I tried to kill myself, but knew that the method was not fool-proof."
1. I made a serious attempt to kill myself and it was only luck that I did not succeed 2. I tried to kill myself, but know that the method was not fool-proof 3. My attempt was a cry for help. I did not intend to die 4. Don't know/ refused We reported mean scores and standard deviations (SD) for continuous variables. We evaluated the associations between maternal characteristics and suicidal behaviors by calculating odds ratios and confidence intervals. Discrete-time survival analysis was used to study the cumulative age-of-onset distribution of suicidal ideation, planning, and attempts (Efron 1988) . The hazard function was calculated to assess the risk of onset of each suicidal behavior at discrete-time intervals. Subgroup analysis was then performed to characterize transitions between behaviors. Conditional, cumulative speed of onset was calculated for suicide planning among ideators, suicide attempting among ideators without a plan, and suicide attempting among ideators with a plan. All statistical analyses were performed using SAS 9.4 (SAS Institute 2016) and R software (R Foundation for Statistical Computing 2015). The level of statistical significance was set at p values < 0.05, and all tests were two-tailed.
Results
Among 2062 participants, suicidal behaviors were endorsed by 22.6% of participants (N = 466); 22.4% (N = 461) reported a lifetime history of suicidal ideation, 7.2% (N = 149) reported a history of planning, and 6.0% (N = 124) reported attempting suicide. Selected sociodemographic and reproductive characteristics of participants by suicidal behavior are presented in Table 1 . Among participants with no suicidal behaviors, the mean age was 27.8 years (SD 6.3 years). The majority were Mestizo (80.3%), married (83.2%), and with > 12 years of education (54.8%). Half of participants were employed. Difficulty accessing basic needs, including food, was reported by 41.5% of participants, and difficulty accessing medical care was reported by 39.5%. A total of 54.1% had previously given birth; 61.3% of pregnancies were unplanned. These demographic characteristics were overall similar among women who had engaged in suicidal behaviors. The associations between these characteristics and suicidal behaviors are presented in Table 2 . Being unmarried was associated with planning (OR = 1.53; 95%CI 1.01-2.27) and attempting suicide (OR = 1.66; 95%CI 1.07-2.52). Difficulty accessing medical care was associated with suicidal ideation (OR = 1.24; 95%CI 1.01-1.53) and planning (OR = 1.49; 95%CI 1.06-2.09). Three characteristics were statistically significantly associated with all three behaviors: difficulty accessing food, history of childhood abuse, and intimate partner violence. Childhood abuse was most strongly associated with suicidal behavior; it accounted for a 2.57-fold increased odds (OR = 2.57; 95%CI 2.08-3.17) of suicidal ideation, nearly 3-fold increased odds (OR = 2.99; 95%CI 2.13-4.25) of suicide planning, and 2.43-fold increased odds (OR = 2.43; 95%CI 1.69-3.52) of suicide attempt. Figure 2 depicts the distribution and overlap of suicide behaviors among participants. There were 466 participants who endorsed one or more suicidal behaviors. Three hundred two participants endorsed suicidal ideation alone. One hundred nine participants endorsed suicidal ideation, planning, and attempting. Forty endorsed suicidal ideation and planning but reported no history of attempting suicide. Ten participants endorsed suicidal ideation and attempting without planning, and five participants reported a history of suicide attempts without suicidal ideation or planning. Figure 3 shows the survival curve for age-of-onset for first occurrence of suicidal ideation, planning, and attempting. The age of onset for each behavior is depicted as a hazard function in Fig. 4 . All behaviors have an initial peak at age 15 and a second peak at age 40. Figure 5 illustrates the conditional cumulative likelihood of reporting the first onset of planning among ideators and attempting among ideators with and without a plan. Within a year, 28.7% of ideators had made a plan, 83.8% of those with a plan had made a suicide attempt, and 7.7% of those with ideation but no plan had attempted suicide.
Discussion
The results of this study confirm a high prevalence of suicidal behavior among pregnant women (22.6%), including ideation (22.4%), plan (7.2%), and attempt (6.0%). These findings are consistent with other studies of pregnant women, which have found the prevalence of suicidal behavior to be between 3 and 33% Melville et al. 2010; Newport et al. 2007 ). However, prevalence estimates above 20% have only been identified within the USA; the prevalence of 22.6% in this Peruvian population is higher than what has been reported in other non-US samples of pregnant women .
It is also significant that 69% of women in this population report a history of childhood abuse (Barrios et al. 2015) , as childhood adversity is associated with the development of suicidal behavior later in life Newport et al. 2007; Zhong et al. 2016) . This is likely a contributing factor to the high rates of suicidal behavior in this population.
The WHO multi-country study on women's health established a clear link between exposure to violence, including childhood abuse, intimate partner violence, and nonpartner violence, and suicidal behavior (Devries et al. 2011) . A previous study of the PrOMIS cohort identified the link between child abuse and suicidal ideation (Q. Y. Zhong et al. 2016) . The current study found that child abuse was the leading risk factor for suicidal behavior, underscoring the need for trauma-informed care during pregnancy for women with this history.
The WMH Surveys found an initial peak in suicidal behavior during adolescence, followed by a decline with age (Nock et al. 2012) . Another study assessed women in Europe and found a peak during the peri-menopausal period (Usall et al. 2009 ). Our study also found a peak in adolescence, at age 15, followed by a second peak at age 40. In this sociocultural context, most women have children in their 20s and early 30s. The peaks in suicidal behavior in this study population are seen at ages that fall outside the usual range for pregnancy. Other studies have reported that unplanned pregnancy is a risk factor for suicidal behavior ; our study did not find this. An increase in suicidal behavior at age 40 could be explained by the fact that at this age, many women in this study population are already grandmothers, and having a child is not culturally normative. It may be that participants underreported when pregnancies were unplanned due to shame or stigma. However, the rate of unplanned pregnancy in this population is consistent with what has been reported in other studies Wilson et al. 1996; World Bank 2016) . It is also possible that even in cases when the pregnancies were planned, being pregnant at an age outside the usual range is a source of stress; adolescence and advanced maternal age have been found to be associated with perinatal depression (Garcia-Blanco et al. 2017; Raisanen et al. 2014) . Furthermore, women who become pregnant during adolescence or at an advanced maternal age are more likely to experience complications, which could lead to increased suicidal behavior (Melville et al. 2010; Newport et al. 2007 ). This study also found that risk of transition among suicidal behaviors is highest in the first year of onset. More than a quarter of participants made a plan within a year of developing suicidal ideation, and more than 80% attempted suicide within a year of making a plan. These findings are consistent with the findings of the WMH Surveys in non-pregnant populations (Nock et al. 2008; Nock et al. 2012) . Collectively, these findings suggest that suicide prevention depends on identifying suicidal ideation since a third of individuals who commit suicide die from their first attempt. Other studies of transitions among suicidal behaviors in pregnant women are lacking.
This study had a number of limitations. First, suicidal behaviors were assessed based upon retrospective self-report, which makes the data subject to under-reporting and recall bias. Also, this meant that reports of suicidal behavior at other times prior to the pregnancy were included, so the data does not exclusively represent suicidal behavior in pregnancy. Second, while psychiatric symptoms were assessed by selfreport using the PHQ-9 and PCL-C, diagnostic interviews were not performed. Thus, there was no definitive information about psychiatric diagnoses included in these analyses. Finally, results from our hospital-based study may not be applicable to other populations of pregnant women because most women seeking care at INMP are low-income and may have high-risk pregnancies. This study provides an initial data point in the assessment of suicidal behaviors in diverse populations of pregnant women.
Further research is needed to characterize the extent and variability of the problem and establish reliable screening tools for suicidal behavior. Our study population had a higher prevalence of suicidal behavior than has been previously documented in pregnant women outside the USA. Existing data Fig. 2 Distribution of lifetime suicide ideation (n = 461), plan (n = 149), and attempt (n = 124) among pregnant women, Lima, Peru Fig. 3 Cumulative age-of-onset distribution of the lifetime suicide ideation, plan, and attempt among pregnant women, Lima, Peru (N = 2057) also show that the prevalence of these behaviors varies widely in distinct regions across the world, suggesting that it will be important to examine suicidal behaviors in diverse settings. Given that pregnant women have a higher prevalence of suicidal ideation and a lower prevalence of suicide attempts than the general population (Appleby 1991; Gelaye et al. 2016) , their patterns of transitioning among suicidal behaviors should be further studied to prevent negative health consequences for themselves as well as the next generation.
Suicide in pregnancy not only has catastrophic consequences for the woman and her unborn child; maternal depression and suicide have severe negative consequences for offspring (Geulayov et al. 2014; Hammerton et al. 2016; Lahti et al. 2017; Plant et al. 2013 ). Particularly in low-resource settings, for many young women, pregnancy is their first contact with the healthcare system and is thus an opportunity for identifying women at risk for suicide.
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